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ABSTRACT 


The  main  activities  on  the  Flexible  Rolled-Up  Solar  Array  (FRUSA) 
during  the  eighth  quarterly  reporting  period  consisted  of  completion  of  detail 
parts  and  start  of  assembly  of  the  development /qualification  model  orienta¬ 
tion  mechanism  and  solar  array. 

...  ,  su^strate  and  bus  assembly  is  nearing  completion  and  solar 

cell  bonding  will  begin  the  second  week  in  July.  Assembly  of  some  of  the 
orientation  mechanism  subassemblies  has  been  completed,  and  the  assem¬ 
bly  should  be  complete  by  1  August.  Fabrication  of  the  control  electronics 
unit,  solar  cell  electronics  unit,  and  instrumentation  conditioning  unit  has 
been  completed.  However,  the  late  delivery  of  some  high  reliability  com¬ 
ponents  has  necessitated  the  utilization  of  a  few  functionally  equivalent  com¬ 
mercial  components  so  that  acceptance  testing  of  the  units  could  be  started 
The  commercial  components  will  be  replaced  with  the  high  reliability  parts 

fn  become  available  and,  in  any  event,  prior  to  environmental  testing. 
Schematics  and  detail  and  assembly  drawings  of  the  battery/charge  controller 
and  power  conditioning  units  have  been  completed.  Schematics  of  the  load 
bank  have  been  completed.  Detail  design  is  nearing  completion.  Release  of 
drawings  of  all  three  units  is  scheduled  for  mid-July.  Procurement  of  high 
reliability  parts  for  the  units  has  been  initiated. 


t  i  Se/,e,ral  workinS  group  meetings  were  held  between  SAMSO/Aerospace/ 
LMSC  apd  Hughes  to  resolve  interface  problems,  the  most  serious  of  which1 
seems  to  be  the  shading  of  the  FRUSA  panels  by  the  LMSC  rigid  array.  The 
change  directed  by  the  customer  to  provide  full  live-cell  panel  coverage  and 
to  incorporate  a  position  encoder,  furnished  by  LMSC,  on  the  orientation 
mechanism  support  axis  has  been  implemented  in  the  design. 


rp  .  .  Tbe  FRUSA /Agena  wiring  diagram  was  completed  and  released. 
Technical  Plan  was  updated  and  submitted  to  WPAFB  . 


The 
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SECTION  I 


This  document  reports  progress  in  the  eighth  quarter  (30  March  to  28 
June  1970)  on  AFAPL  contract  F336  1  5 -68-C- 1676,  Flexible  Rolled~Up  Solar 
Array,  Project  Number  682J. 


The  main  activities  on  the  Flexible  Rolled-U.p  Solar  Array  (FRUSA) 
during  the  eighth  quarterly  reporting  period  consisted  of  completion  of  detail 
parts  and  start  of  assembly  of  the  development/qualification  model  orienta¬ 
tion  mechanism  and  solar  array. 


don  and  solar 


The  panel  substrate  and  bus  assembly  is  nearing  completion  and  solar 
cell  bonding  will  begin  the  second  week  in  July..  Assembly  of  some  of  the 
orientation  mechanism  subassemblies  has  been  completed,  and  the  assembly 
should  be  complete  by  1  August.  Fabrication  of  the  control  electronics  unit, 
solar  cell  electronics  unit,  and  instrumentation  conditioning  unit  has  been 
completed.  However,  late  delivery  of  some  high  reliability  components  has 
necessitated  use  of  a  few  functionally  equivalent  commercial  components  so 
that  acceptance  testing  of  the  units  could  be  started.  The  commercial  com¬ 
ponents  will  be  replaced  with  the  high  reliability  parts  when  they  become 
available  and,  in  any  event,  prior  to  environmental  testing.  Schematics 
and  detail  and  assembly  drawings  of  the  battery/charge  controller  and  power 
conditioning  units  have  been  completed.  Schematics  of  the  load  bank  have 
been  completed.  Detail  design  is  nearing  completion.  It  is  planned  that  the 
drawings  of  all  three  units  will  be  released  by  mid -July.  Procurement  of 
high  reliability  parts  for  the  units  has  been  initiated. 


A  number  of  working  group  meetings  were  held  between  SAMSO/ 

Aero  space /LMSC  and  Hughes  to  resolve  interface  /problems,  the  most 
serious  of  which  seems  to  be  the  shading  of  the  Fi'l'.'A  panels  by  the  !LMSC 
rigid  array.  The  change  directed  by  the  customer  to  provide  full  live-cell 
panel  coverage  and  to  incorporate  s  position  encoder,  furnished  by  LMSCI, 
on  the  orientation  mechanism  support  axis  has  been  implemented  in  the  design. 


The  FRUSA/Agena  wiring 


Technical  Plan  was  updated  and  submitted  to  WPAFB. 


diagram  was  completed  and  released. 


The  format  of  this  quarterly  report  is  designed  to  present  the  status 
of  each  major  system  element  in  a  separate  section. 
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SECTION  II 


PROGRAM  STATUS 


The  .Flexible  Rolled-Up  Solar  Array  (FRUSA)  program  is  divided 
into  five  phases,  as  described  in  the  paragraphs  that  follow.  The  current 
program  schedule  and  status  are  shown  in  Figure  1. 
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Figure  1 .  Program  Schedule 


PHASE  I  -  PROGRAM  DEFINITION 


Major  milestones  associated  with  this  phase  and  scheduled  during 
this  period  have  been  completed.  Included  in  this  category  are  all  the  pro¬ 
gram  requirements,  design,  and  test  requirements. 


The  study  phase  of  the  program  has  been  completed  and  a  firm  base¬ 
line  design  established.  Design  packaging  details  have  been  completed  except 
for  the  power  conditioning  subsystem  which  will  be  completed  during  the  next 
quarter .  The  formal  test  plan  has  been  established  and  released. 
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PHASE  m  ™  MODEL  FABRICATION 


All  engineering  drawings  have  been  released  with  the  exception  of  the 
power  conditioning  subsystem  which  will  be  released  in  July.  Fabrication  of 
the  engineering /qualification  model  is  proceeding.  About  95  percent  of  the 
piece  parts  have  been  received,  with  the  balance  due  by  10  July  1970 
Assembly  operations  on  the  panel  and  orientation  mechanism  are  progressing 
satisfactorily.  The  directed  change  to  provide  full  live-cell  panel  coverage  * 
is  proceeding  as  planned.  Numerous  Air  Force/Aerospace/Hughes / LMSC 
working  group  meetings  to  resolve  interface  problems  have  been  held  and 
more  are  scheduled  during  the  next  reporting  period. 


PHASE  IV  -  QUALIFICATION  AND  FLIGHT  ACCEPTANCE  TESTS 


Qualification  and  flight  acceptance  tests  will  be  conducted  according 
to  the  test  plan.  6 


PHASE  V  —  FLIGHT  TEST  AND  DATA  ANALYSIS 


The  flight  test  and  data  analysis  phase  will  include  prelaunch  check¬ 
out  and  countdown  procedures  as  well  as  in-orbit  operation  and  analysis. 
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SECTION  m 


SY  ST  EM  ENGINE  BRING 


INTERFACE  MEETINGS 

A  joint ^SAMSO/Aeroapace/LMSC/Hughes  meeting  was  held  at  Hughes 
on  16  April  1970.  The  purpose  of  the  meeting  was  to  discuss  the  FRUSA/ 
Agena  interfaces  and  to  update  th*?  RTD-806  experiment  requirement®.  The 
orientation  mechanism  thermal  parameters  were  updated  based  on  Hughe® 
providing  full  live-cell  coverage  on  the  panels.  In  addition,,  a  test  plan  and 
the  characteristics  of  the  support  axis  tachometer  output  were  prepared. 

The  above-mentioned  items  were  submitted  by  letter  to  WPAFB,  SAMBO, 
Aerospace,  and  LMSC  on  29  April.  At  the  same  meeting,  Hughe®  requested 
the  dynamics  and  thermal  requirements  imposed  on  the  FRUSA  system  during 
launch,  as  well  as  the  thermal  model  of  the  Agena  equipment  rack.  The 
above-mentioned  data  have  not  yet  been  received. 

A  large  number  of  telephone  conversations  were  held  fpllbwing  the 
meeting  to  discuss  interface  problems.  The  most  serious  problems  encoun¬ 
tered  were  those  dealing  with  shadowing  between  the  FRUSA  and  the  LMSC 
arrays  and  interference  between  the  FRUSA  array  and  the  Agena  telemetry 
and  tracking  antennas. 

On  14  May  1970,  an  Interface  Working  Group  (.IW" O j( . ■ 
at  LMSC  and  the  following  action  items  were  assigned  to  Hiigh^l 


HR- 3 


HR-4 


HR- 5 


Redefine  requirement  for  solar  array  tiedown  at  Agena 
interface 

Provide  LMSC  with  a  breakdown  of  FRUSA  mass 
properties  data 

Provide  time-torque  plots  for  normal  and  emergency 
modes 


HR-6  Provide  FRUSA  dynamic  loads  ascent  analysis 

HR-7  Provide  telemetry  response  to  each  command  function 

HR-8  Provide  command  and  telemetry  system  schematics 

HR-9  Provide  scale  factors  and  range  of  all  telemetry  signals 

HR- 10  Examine  two  LMSC  approaches  for  FRUSA  position  indi¬ 
cator  and  give  LMSC  a  preference 


HR-11 


Determine  acceptance  of  stopping  array  slewing  during 
eclipse 
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HR- 12  Assess  the  shading  effects  of  Agena  solar  array  on  FRUSA 


HR- 13  Provide  maximum  and  minimum  static  friction  on  support 


HR- 14 


Provide  information  on  conductive  interference  by  FRUSA 
on  Agena  power  bus 


011  ?AMay  1970»  a  meeting  was  held  at  LMSC  in  Sunnyvale,  California, 
to  discuss  FRUSA  command  and  telemetry  responses  and  to  deliver  responses 
to  action  items  resulting  from  the  IWG  meeting  of  14  May  1970.  Hughes 
agreed  to  eliminate  three  commands  from  the  load  bank  switching.  In  place 
of  the  four  load  bank  off- commands,  one  command  will  turn  off  all  loads. 


.  wDAt^°ther  mSeting  was  held  at  SAMSO  on  27  May  1970  with  L.  D.  Massie 
°riZ^A  1  representatives  of  the  SAMSO-SESP  Program  Office,  Aerospace, 
UMSC,  and  Hughes.  All  of  the  above-listed  action  items  were  closed  with 
the  exception  of  HR-6,  HR-12,  and  HR-14.  A  FRUSA  dynamic  loads  ascent 
analysis  and  a  conduction  and  radiation  interference  analysis  will  be  made 
after  ^contractual  funding  becomes  available.  LMSC  has  provided  Hughes  with 
mo®e^  photographs  that  describe  the  LMSC  array  shadowing  on  the  FRUSA 
arra,y.  These  are  now  being  studied  to  determine  their  effect  upon  the  FE  USA 
electrical  performance. 


DOCUMENTA  TION 


,,  ^ke?RUSA/ Agena  firing  diagram  was  completed  and  released.  This 

t  agram  defines  the  electrical  wiring  interfaces  between  all  FRUSA  units  and 
the  Agena  telemetry,  command,  and  power  subsystems.  This  drawing  was 
delivered  to  LMSC.  LMSC  will  fabricate  the  flight  harness. 


.  ^e  Technical  Plan  was  updated  and  submitted  to  Wright- Patter  son 

***r  4yQjrGG  ^S>8,6« 


The  LMSC  Interface  Control  Document  was  reviewed  by  Hughes  and 
comments  and  suggestions  were  submitted  to  LMSC.  The  document  was 
approved  on  26  June  1970  with  a  few  exceptions  that  must  still  be  resolved 
The  main  items  on  which  a  mutual  agreement  is  still  pending  pertain  to 
electromagnetic  compatibility.  F 


FRUSA  WEIGHT  SUMMARY 


Current  system  weights  by  individual  unit  are  listed  in  Table  I. 
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TABLE  I.  FRUSA  FLIGHT  WEIGHT  SUMMARY 


— —  —  . —  -  . . - . -  — . -  -  - 

Item 

Weight, 

pounds 

Solar  array  subsystem 

70.  6 

Drum  mechanisms 

34.  3 

Array  ptanels 

36.  3 

Orientation  mechanism  subsystem 

53.  9 

Orientation  mechanism 

41.9 

Control  electronics  unit 

12.  0 

Power  conditioning  and  storage  subsystem 

55.  5 

Battery /change  controllers 

42.0 

Power  conditioning  unit 

13.  5 

Instrumentation  subsystem 

16.  7 

Accelerometers 

5.  0 

Solar  cell  electronics* 

4.  1 

Strain  gauge  amplifiers 

0.8 

Instrumentation  conditioning  unit 

1.2 

Commutators 

3.3 

Current  sensors,  harness,  etc. 

2.  3 

Flexible  rolled-up  solar  array  system 

196.  7 

Resistive  load  bank 

35.  0 

Contingency 

18.  3 

Total  flight  system  weight 

250.  0 

Actual  unit  weight 


WORK  TO  BE  PERFORMED  NEXT  QUARTER 

1)  Update  space  experiment  plan 

2)  Update  DS  30992-001  FRUSA  design  specification 

3)  Continue  to  analyze  interfaces  with  Agena  and  respond  to  IWG 
action  items 
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SECTION  IV 

SOLAR  ARRAY  SUBSYSTEM 


SUBSYSTEM  DESCRIPTION  AND  STATUS 

,u  Tlle  solar  arraY  subsystem  consists  of  two  flexible  solar  cell  arrav«? 

owi„ar,  rfed'  !*Tl0yed’  Nd  retracted  *  the  -ochani^  The  foL 

of  th/program?*  °  a”d  ‘aSk8  Wer°  accomPlish«d  during  the  eighth  quartet 


1) 


4) 

5) 


Completion  of  detail  parts  and  start  of  assembly  on  the  qualifica¬ 
tion  model  of  drum  mechanism  4 


2)  Continuation  of  fabrication  of  solar  arrays 

3)  Start  of  full  panel  coverage  design  changes  and  analysis 


bly^mf test  °f  t0°ling  design  for  solar  array  subsystem  assem- 
moTel  wlarlrray”  S°lar  gr°UpB  £°r 


FABRICATION  STATUS 

Fabrication  of  detail  parts  for  the  qualification  model  of  the  di-um 

thiesCfabri^«on  h6n  COmpleted-  The  only  significant  problems  noted  during 
this  fabrication  phase  were  concerned  with  the  rolling  and  welding  operations 
of  the  magnesium  storage  drum.  (See  Figure  2.  )  Some  of  the  di^m^h"*" 
amsm  subassemblies  are  currently  being  assembled. 

„  i -c  T^e  etch®d  ccPPer/ Kapton  bus  strips  have  been  bonded  on  one  of  the 
qualification  model  solar  arrays  (Figure  2).  Prior  to  this  bonding  operation 
sample  sector  of  panel  was  fabricated  with  dummy  cells  and  ,,  a  operation, 

evaMattethaL  t^  FigUre  ^  }  The  pprpose  of  fabricating  Ls  saLpleTas  to 
evaluate  the  untried  procedures  and  tooling  developed  for  the  full-size  panel 

assembly  operations.  Some  minor  problems  were  uncovered  during  the 

fabrication  and  have  subsequently  been  corrected  by  tooling  reworks  bv 

the"  fo'lWtog!  "  Pr°CedUreS-  Am°n«  the  and  sXed  were 

1)  Wrinkling  of  Kapton  substrate  edges  in  area  of  lap  joints 

2)  Wrinkling  of  Kapton  substrate  under  bonded  intermediate  bus 
(  ocated  between  inboard  sector  and  drum/panel  interface) 


3)  Improper  seating  of  vacuum  bonding  fixture 


4)  Sff,  BtriPP“g  of  Kapton  and  adhesive  in  areas  of  hut, 
material  where  solder  joints  are  required 

been  eompUte^l^  ^ 

generated  for  these  samples  with  the  pulsed  ‘ 

been  assembled  and  completely  Inspected1  to°jel  Pand  have 

tions  for  evaluating  the  cell  grouns^vith  th  f1  flxtur<;  and  test  specifica- 

pared,  and  measurements  with  the  nulserl  SimUlftor  have  b^n  pre- 

ne  pulsed  zenon  solar  simulator  completed. 

panels  bttn'prepaVed^d^eJea? ^ric^,ion  ,sPecification  for  the  solar 
assembly  and  wiring  of  live  cell  grout  .d°CUrnent/efines  *n  detail  the 
etc.  on  the  panel  substrate.  P'  -8  StripS'  reference  cells /mOci|ie; 

array  subsystem  ha^^eeny^pared0^^!^^ ^ macha^ism  and  solar 
process  test  requirements  section  ha’s  K  6  fd’  and  released.  The  in- 
test  procedures.  These  procedures  wilM^  cha”ged  reflect  some  revised 
test  program  on  the  qualification  unit  6  evaluated  during  the  engineering 


DESIGN  AND  ANALYSIS  TASK 

flight  solar  panels  hfs°  been  Started  ^ThiTt6  ful1  .live_ce11  coverage  on  the 
of  dummy  cells  with  72  groups  of  3  x  81  live  ceX  “^7™ .tbe  rfpla cement 
number  of  3  x  81  groups  on  the  flight  panel  to  M?  r  ^rmg  the  t0tal 

occupied  by  the  reference  cells/modufes  the  tnte'l  Because°f  the  spaces 
less  than  the  number  required  for  providing  1500  **  *U 

mentof  work,  and  pTrThal^reque^tV  fo/?h°CULe7len\BoeC^‘Cati0n'  Btatc- 
n/p  flight  unit  cells  has  been  prepared  and  ®  addltlonal  8  f»l1  2  x  2  cm  silicon 
in  July.  An  analysis  of  the  ourrem? ‘^vf*  °f  "Vs  °rd/r  is  “P^ted 
Included  in  the  analysis  are  the  folll£g™ei"  P  “  U"der  Wa’r- 

11  I00’-  130“-  150"'  “«*.  »«*. 

2)  Panel  power  outputs  for: 

•  1/3  of  panel  at  200° F,  2/3  at  180°F* 

•  1/3  of  panel  at  180°F,  2/3  at  170°F* 


Entire  panel  at  160°,  150°,  and 


i  30°  F 


not!  covered  *  b"8  ma‘erU1  “d 


Sill 


'IWWIlff 


!" '  r .  ’ :nrarH!ti!ip',fTT  . . . .  *  "”,wn"  •»! •  » • «. >f .  r  ^  «•  . .  •»*•»??* fwrwfiM 


tr.  „  ,T1f  fl*^r®  for  suPPortxng  the  panels  in  a  vertical  plane  during  elec¬ 
trical  tests  with  the  solar  simulator  has  been  designed.  This  fixture  will 
also  be  used  during  the  panel  assembly  for  work  in  areas  that  are  difficult  to 

t?o„CJ \r  ”  “?f  panel  in  3  hor,iz“’^1  portion  on  the  table.  Assembly  opetl- 
tions  that  will  require  use  of  this  fixture  include  final  wiring  of  reference 
cells,  reference  modules,  and  temperature  sensors  and  rework,  if  required 
be  ZT  'T!  cells  located  in  center  portion  of  panel.  Since  the  fixture  will 
be  employed  during  the  initial  panel  assembly  operations,  it  will  be  designed 
to  accommodate  panels  by  themselves  or  attached  to  the  drum.  g 

drawin^^T  °f  **  ^  ga"«e8  to  the  boom  length  compensator  design 
drawings  has  been  completed.  The  study  to  determine  optimum  strain  gauge 

wire  routingconcluded  that  a  simple  service  loop  within  the  tube  was  the  best 
approach.  Other  arrangements  studied  proved  to  be  too  complex  and/or  to 
have  a  potentially  undesirable  effect  on  panel  tension. 

eratina  ™  P™vjde  a  current  baseline  configuration  to  the  experiment  inte- 
f  '  interface  control  drawings  (ICDs)  of  the  subsystems 
and  units  have  been  reviewed  and  upgraded.  The  necessary  modifications 
were  all  minor  changes  caused  by  finalizing  the  detail  designs. 


PLANS  FOR  NEXT  QUARTER 


1)  Completion  of  full-cell  coverage  design  task 

2)  Preparation  of  current- voltage  and  power -voltage  curves  for 
flight  panel 

m  Completion  of  qualification  model  of  the  solar  array  subsystem 


ORIENTATION  SUBSYSTEM 


SUMMARY 

normal  to  the't^ne"  ItllslTr  au‘0matical;y  maintains  the  solar  panel 
solar  pane!  to  Z  spacecraft Z  de„Tn andf°w^  transfer  from  the 
stowed  array  to  its  normal  operating  ?onfSurlt^Yhaj'?,1Sm  ThlCh  d‘‘p!"y”  thc 
of  essentially  three  subas  semblies  r^s enso^'erou^  conti^  ?U*Sy,Btenf  OOMla*B 
and  orientation  mechanism.  8  P’  1  ol  electronics  unit, 

and  start  of  assembly8  peTlod  centered  on  acquisition  of  component  part® 

sun  sensor  group.  Ass embl v*  of ”3 ome  f  ° *  t.he  orientation  mech^nistn  and 

blies  has  been  completed,  and  assembly  of  thrfrrs^m^cS60^11181”  Sli%gstem 
Completion  of  the  control  electronics  unit  h  m  18  in  R«qg;re.BB 

high  reliability  components  held  UP  awaiting  some 

system  interface  with^hJ A^ ena^eMcle.  ^  dlSCUSS  the  orientation  sub- 


MECHANISM 


are  bei^uES^^^  — -ed  by  Hughes  and 

The  signal  sliprings  (Figure  4)  were  delivered  with  .  , .  , 

requirements.  The  power  rin^s  ha  a  L  a®Alvered  with  no  variation  from 

tion  which  tended  to  separate  when  hen/to  ** v*  pr.oblem  the  wire  insula  - 
added  local  encapsulation  (Figure  5).  °  8  arply‘  This  was  corrected  by 

basic  A 

capper  anS 

because  the  brush  mat  «^bito1S^teh'riri*t*?<;®  than  re9uirea 

staudard  brush  material  usedl  Inland  Meters!  £e  ofX  ““ 

for  torque  constant  by  taking  measurements  in  d  drv  ^  mot°rs  was  tested 
eliminate  the  effects  of  moisture  and  found  to  be  M  nefrTntT  atrn°8phera  to 
from  the  manufacturer 1  s  data  This  ia  nnt  a  i°w  as  e«|i»de§§|i  f.:n 

penisated  fox  by  a  20  percent  increase  in  mntnPr°b  6 ^l.s ince  .4t  wiU  Ei 

electronics  unit.  1  gain  in 'the: 


Several  EQs  have  been  processed  to  take  care  of  minor  problems  that 
occurred  during  component  part  fabrication.  Most  of  these  were  in  the  cate¬ 
gory  oi  minor  dimensional  variations.  A  basic  problem  was  encountered  on 
the  magnesium  housings  involving  the  specified  anodize  finish.  Essentially 
the  anodize  would  not  permit  attainment  of  required  dimensions  and  finishes 
in  mating  areaaf  and  tended  to  chip  off.  Rather  than  anodizing,  nickel  plate 
has  been  used  on  those  areas  to  obtain  proper  dimensions  and  finishes. 

Ihen,  some  of  the  nickel  surfaces  will  be  painted  to  obtain  the  high  thermal 
emittance  required.  Orientation  mechanism  housings  and  the  drum  exten¬ 
sion  arm  are  shown  in  Figure  6. 


CONTROL  ELECTRONICS  UNIT 


Fabrication  of  the  control  electronics  unit  (CEU)  housing  and  circuit 
boards  was  completed  during  this  period.  Assembly  of  housing  and  circuit 
boards  was  completed;  however,  a  few  functionally  equivalent  commercial 
components  were  installed.  These  components  will  be  replaced  with  the 

hign  reliability  parts  when  they  become  available  and  prior  to  environmental 
testing. 


,  Acceptance  testing  is  under  way  and  will  be  completed  during  the  next 
period.  Circuit  cards  are  individually  tested  prior  to  testing  the  entire 
unit. 


Some  of  the  CEU  hardware  is  shown  in  the  following  figures: 

Figure 

Partial  Assembly  (Commutator,  covers,  etc.  removed) 
Partial  Assembly  t Commutator,  covers,  etc.  removed) 
Housing 

Failure  Control  Circuit  Card 
T orquer  Drive :  Circuit  Card 


7 

8 
"!9" 

It 

11 

12 


Steering  and  Rate  Shaping  and  Telemetry  Conditioning 
Circuit  Card 


13 


Front  End 


and  Buffering  Circuit  Card 


MEETINGS 


Several  interface  meetings  were  held  with  spacecraft  integrating  - 
contractor  personnel  to  coordinate  orientation  mechanism  hardware  and 
performance  detail*.  The  meetings  were  of  considerable  benefit  to  both 
parties  and  pointed  up  the  need  for  more  such  contacts!. 


J 


1 


Several  modifications  to  the  oirientatirm  u  • 
by  Hughes  to  determine  their  feasibility  rr  echdlusm  weir,e  investigated 

suggested  by  LM'SC  personnel  as  potential  l  ^  Rowing  modifications  were 
flexibility:  11  as  Potential  aids  to  spacecraft  operation 


in vo  1  ves* a ttac hin g  SUpport  axis-  This 

Accepted.  "  '  the  support  axis  housing. 


21  p o’S'^der  fte  drumtrifa  ‘  '““f'®0  deg^B  ™  «  it  is 
mu  mod  ,th«  - 


current  frumTheTrSys  °n.  "ach  axis  :BO  that  Sfce 

pendent  path...  This  mei  has-been  seParate' 


4)  rieiutoed  to  «“««* 

opposite  to  the  LMSC  feed  **®«  **»• 


opposite  to  the  LMSC  fixed  arrfv  TV  ^  i  ?  °f  the 
in  favor  of  fanmlem^w®  ,* ?*,  I^l?  bas  been  dronn^ 

- - - ■^2££££2i£S^g_aJLi££ai^^at€^o  — 


FRUSA  oa  the  filpaTOcraft  attitnde  -£ 

\  1 1  •  ,  ■  ■ ' 


lA^rms3^  the6  cone-of  vi  ®;Mor'ls  Hoofed  odllt 

ne  angfiec, , ,  (None')  ' ; ;  H 


b1)  Ejp-tpHdafce  Ibllodk diagram  tof  C^tJ:' 
c5  ®*at*S«  .control  system 

Wheel  control  unit  design  iipebiiiication,  DS  31629-006 
«)  QEltT  specification,  IDS  Rev.  A 

f)  Wee  impedance  Tor  wheel  .comtat^.^^sofc  olms) 


PLANS  FOB.  NEXT  QUARTER 


gnopp,  .and  ft.  contro/electrOTic^tS^®  ”k^^1^*c1ii»b1«»»  «»  sensor 

of  if*  «•»>■  yrtlftSub. 


.......  ,  Additional  einpdffinatiiDn  with  the  snarorreft  -  . 

"Will  ibe  undertaken  as  required.  ’  P  "  ft  intfigration  contractor 


'  Ill’ll  111 


. 


iji  jj  !l  tmmm  i  L 


Figure  4.  Orientation  Subsystem  Drum 
Axis  Data  Sliprings  and  Brushes 

(Photo  ES28319) 


if 


Figure  6.  Orientation  Subsystem 
Housings  and  Shafts 

(Photo  ES28316) 


Figure  7*  Partial  Assembly,  Control 
Electronics  Unit  Drawing  3169042-100 

(Photo  4R 16393) 


Figure  8.  Partial  Assembly,  Control 
Electronics  Unit  Drawing  3169042-100 

(Photo  4R16392) 
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SECTION  VI 


POWER  CONDITIONING  AND  STORAGE  SUBSYSTEM 


BATTERY /CHARGE  CONTROLLER 

The  schematic  of  the  battery/charee  control  W  w 
and  released  Detail  or.  ,,  ,  c°ntroiiei  has  been  completed 

current.y^ng^  — P—  «5  are 

POWER  CONDITIONING  UNIT 

r^lea.ed^Thtd^al^L^ZhT  c.onditioni”«  haa  bean  completed  and 
of  this  design  haVa  b~"  Check 

LOAD  BANK 

plannedl^tlolarVanT  The  aXmatic^nd' d“  ^ 

be  completed  shortly,  with  release  srhednl  h  t  det^1  de81®n  of  this  unit  will 
analysis  of  the  load  bank show  iVt?  *d/M  nud-July.  A  thermal 

over  2  minutes.  The  analysis  was  nerfnr681^  °rS  Wl1*  reac^  in  slightly 

would  hold  all  the  helt  S Z  assuming  that  the  resistor  ' 

the  2  minute  period,  very  little  of  the  Wt  *  .<T°1?servatlve  approach,  but  in 
The  analysis  will  be  checked  exner^  Tu  }  he  r?moved  the  chassis, 
that  one  2  minute  cycle  for  the  load  ^  ^  P088**^,  ^ut  indications  are 

the  unit  ia  £  ^UmT  ^  rasi“°r  * 

BREADBOARD  SUBSYSTEM  TESTS 

have  be™  complaTeV"  Sa^eJS  mtoo?db°  hY  ‘eStS  °‘  the  P°Wer  “"bayatem 
teat  program  which'after  being  Terraced  ^Tr™  TT??  ^ 

ing  retest,  all  circuits  nerfnrmAd  na+-  *  \  i6  reeva^uated  by  retest.  Dur- 
-25-  to  +185-P  Steca  tke Zl  “‘Y1’'  TV  a  .‘““P««ture  range  of 
the  teat  temperaturea  rapraaan.  approaiLat^Tlo  perTant  margin  4‘  *°  +14°"F' 

BATTERY  CELL  PROCUREMENT 

and  an  *■££“  < 

haveTeen  “d  pr0er“  “-.’the  followtogThang.a 


1)  Six  of  the  spare  cells  for  the  qualification  unit  battery  will  be 
used  for  development  tests  prior  to  the  qualification  test  program 

2)  Only  the  qualification  unit  cells  will  be  procured  at  this  time. 

The  split  procurement  is  also  desirable  since  it  ensures  the 
availability  of  fresh  cells  for  the  flight  experiment 

3)  One  batter y /charge  controller  assembly  will  be  built  and  employed 
in  the  qualification  test  program  instead  of  two  as  formerly 
planned.  This  change  is  not  expected  to  degrade  or  have  any 
significant  effect  on  the  qualification  test  program. 


PLANS  FOR  NEXT  QUARTER 

1)  Release  detail  and  assembly  drawings  of  the  power  conditioning 
and  storage  subsystem  units 

2)  Begin  fabrication  of  units  for  qualification  model 
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SECTION  VII 


INSTRUMENTATION  SUBSYSTEM 


SOLAR  CELL  ELECTRONICS  UNIT  (SCEU) 

Fabrication  and  assembly  of  the  qualification  model  SCEU  has  been 
completed  with  the  exception  of  a  few  high  reliability  components  that  have 
not  yet  been  delivered  from  the  vendor.  Commercial-grade  parts  have  been 
temporarily  installed  to  allow  initiation  of  unit  testing.  The  commercial 
components  will  be  replaced  by  flight-qualified  components  prior  to  formal 
test  operations.  Formal  testing  will  be  completed  by  the  end  of  July.  The 
unit  will  then  be  delivered  to  bonded  stores.  The  hardware  is  shown  in 
Figures  14  and  15. 


INSTRUMENTATION  CONDITIONING  UNIT  (ICU) 

Fabrication  and  assembly  of  the  qualification  model  ICU  has  also 
been  completed.  A  few  commercial  grade  components  were  also  used  to 
complete  the  unit  and  will  be  replaced  prior  to  formal  unit  testing.  The  ICU 
will  be  tested  and  delivered  to  bonded  stores  in  July. 


STRAIN  GAUGE  AMPLIFIERS 

Delivery  of  three  strain  gauge  amplifiers  for  the  qualification  model 
is  expected  by  mid-July. 


COMMUTATORS 


Delivery  of  three  PAM  commutators  for  the  qualification  model, 
modified  to  be  compatible  with  the  Agena  processor,  is  expected  by  mid-July. 


ACCELEROMETERS 

Ten  ±0.  1  g  force  balance  accelerometers  for  the  qualification  model 
have  been  received.1  ^  ■  ; 


PLANS  FOR  NEXT  QUARTER 

SCEU  and  ICU  unit  qualification  tests  will  be  completed.  The  units 
will  then  be  shipped  to  bonded  stores  and  subsequently  Installed  on  the  solar 
array  subsystem  of  the  FRUSA  qualification  model. 


The  strain  gauge  amplifiers,  commutators, 
be  installed  on  the  solar  array  subsystem. 


accelerometers  will 


SECTION  VIH 
SYSTEM  TEST 


SYSTEM  TEST  FIXTURES 

..A.  system  test  fixture  wits  received  frnTn  ^ .0  Wn ^ ^  •<  ~ 

fabrication  and  model  shop.  This  fusture  houses  all  nfe  Cmwel:  Uty 
the  drum  mechanism  which  is  mounts  to  &e  la  *  i  f, !f  ,  T‘  inclmUn6 
figuration  secured  bv  brackets  infi  ™,rn+  u  •  aux,  or  Predeployment  con- 
will  be  provided  bv  tb^  4„+  . .  pyi  otechnxc  release  mechanisms  that 

to  the  outboard  oAft  end  of  Se^rum^me^01'”'  By  applying  vertical  support 
effectively  balanced  out  and  will  ll  W T  f  f  ravjty  tor^es  will  be 

with  flight -type  ordnance.  1  flight- simulated  deployment  test 

harnessHhoaLTercoWnnl\\lfoVttleltrrth<!  ‘S?.*?""  *>  «»  «U«* 


•,  ,  ,7  7 - k-'~“  UF  tne  water  tables  ai 

Sulov  tb  beC^  heir  colfPatibility  (see  Figure  16).  The  in 
deploy  the  solar  array  from  the  stowed  or  launch  confieu 

iJnot  fC  W-bfr  ^ables  from  where  extension  was  to  take  t 
is  not  feasible  because,  when  the  solar  array  is  relea  * 

release  mechanism,  it  also  removes  the  tensile  force  i 

5rirb  m  a  S??  r°lled'Up  confignration  and  allows  the  1 

b ^  hf  afray  were  ailowed  ^  swing  out  into  the  o 
etween  the  water  tables,  the  extended  booms  would  strike 

accomplished  aw^Som  t Wffl  W  t0  be 
from  the  orientation  j  fte  hlch  &e  array  will  be  detached 

platform  fixture  located  between  the  too'tabfes  & Erf”1  I?lecha"i8rn  m°nnting 
tests  will  then  be  conducted  Extension  and  retraction 

between  th*  J*  mechanism 

*«*“•  This 

AGE 

10  B l^jai  I'fl  g  1«»  a.J  .  m li itiiuto  n  M  '  ff  .  „  AGE  tester  have  been 

craft  telemetry  Md^oi^anT^rtema* **  w-n' WlU  to  »ira“l»te  the  apace 

erator  that  will  apply  command!  to  the'  CEU  SCEC^Ylh  *  commM<i  *«“- 
uoita  through  teat  cablet.  It  will  be  able  to ’measure  a"?  ^MP^'r  “”ftion" 

ea^A*1 :wmnutetor  *c  otm^rt  or  °  ^jwn  c*ondit^htotog  tTST?  *  *“*  “b* ‘° 
will  also  be  available  at  the  tester.  The  tester  lil,  .^“a! 


il  plan  was  to 
to  a  position 
This,  howeve 
the  pyrotechnic 
tains  the 
extend  3  to 
rational  position 
■inst  the  side 
to  be 


and  module  signals  to  check  out  SCEU  operation.  Word  and  frame  timing 
signals.,  which  are  normally  generated  by  the  Agena  PCM  processor,  will 
also  be  generated  by  the  tester  . 

The  FRUSA  AGE  tester,,  plus  a  10  ampere  20  to  44  volt  solar  simu¬ 
lator  supply,,  will  be  shipped  with  the  FRUSA  experiment  to  LMlSC  and  the 
launch  site  to  perform  functional  checkouts  of  the  experiment,  as  required, 
independent  of  the  Agena  telemetry,  command,  and  power  subsystems. 

The  FRUSA  AGE  tester  (with  its  ancillary  power  supply)  will  also  be 
used  at  Hughes  during  the  system  test  program.  In  addition  to  the  FRUSA 
tester,,  the  following  equipment  i;s  required  to  perform  the  detail  testing  that 
is  planned::  a  magnetic  tape  recorder,,  PAM  rie  commutator,  a  six -channel 
brush  .recorder,  a  time  code  generator,  several  small  'digital  voltmeters, 
and  an  oscilloscope.  All  of  this  test  equipment  will  be  mounted  in  a  standard 
19  inch  rack. 

Telemetry  data  streams  from  the  three  FRUSA.  commutators  will  be 
recorded  on  magnetic  tape  during  Hughes  system  tests  for  subsequent  data 
reduction.  The  24  power  conditioning  telemetry  signals  are  commutated  in 
the  tester  (with  a  commutator  similar  to  that  used  in  the  FRUSA  equipment) 
and  also  recorded  on  tape. 

The  PAM  decommutator  will  convert  the  digital  data  streams  from 
the  four  commutators  into  analog  signals  and  provide  simultaneous  readout 
of  approximately  ten  telemetry  signals, 

A  60  ampere,  20  to  44  volt  supply  will  be  required  to  check  out  the 
power  cabling,,  s lipring s,  solar  array  current  shunts,  and  load  bank  assem¬ 
bly.  This  supply  will  be  provided  by  Hughes  for  testing  at  Hughes.  A  simi¬ 
lar  supply  will  be  provided  by  LMSC  for  spacecraft  integration  testing. 


DOCUMENTATION 


The  FRUSA  qualification  test  plan  has  been  c:oiin|pietfce:|ii. '  It  describes 
all  system  level  testing  that  will  be  conducted  under  ambient,  vibration,  and 
solar  thermal- vacuum  conditions. 


PLANS  FOR  NEXT  QUARTER 

111)  Design  and  fabricate  vibration  test  .fixtures 
,2!)  Design  and  fabricate  FRUSA  tester 

3!)  Assemble  system  test  ancillary  equipment  into  a  test  rack 

4!)  Write  .system  test  procedures  for  qualifiicatibn  testing 

■Si)  mdiiijtt  ■ami  handling  fixture  for  drum  mechanism 

6)  Optimize  overhead  camera  installation  for  water  tables 

27 


....... — r-pj. - 

• 

ft 

mi 

1 

SECTION  IX 


RELIABILITY 


Fifteen  log  books  have  been  distributed,  one  for  each  unit,  in  which 
the  1  esults  of  tests  and  any  other  pertinent  information  regarding  the  par¬ 
ticular  unit  will  be  entered  by  the  unit  engineer.  These  books  together  with 
the  Quality  Control  History  Record  will  form  a  complete  history  of  the  unit 
from  its  inception  to  delivery. 

.xLe  preferred  parts  list  has  been  revised  to  include  a  number  e  '  high 
reliability  military  parts;  these  are  the  established  reliability  (ER)  passive 
components  and  test  extra  (TX)  semiconductors.  These  parts  are  readily 
available  from  local  distributors  in  the  small  quantity  required  for  this 
program. 

All  electronic  parts  for  the  qualification  model  are  being  inspected 
in  the  Receiving  Inspection  Department.  Inspection  is  to  specifie  1  electrical 
parameters,  count  and  damage. 

Inspection  of  the  solar  panel  and  electronic  unit  fabrication  is 
continuing. 


PLANS  FOR  NEXT  QUARTER 

1)  Source  surveillance  of  high  reliability  to  parts 

2)  Incoming  inspection  of  parts 

3)  Inspection  of  qualification  model  components 

4)  Fabrication  inspection 

5)  Initiation  of  TFR  system 
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kThe  main  activities  on  the  Flexible  Rolled-Up  Solar  Array  (FRUSA)  during  the  eighth  quarterly 
reporting  period  consisted  of  completion  of  detail  parts  and  start  of  assembly  of  the  development/ 
qualification  model  orientation  mechanism  and  solar  array. 

The  panel  substrate  and  bus  assembly  is  nearing  completion  and  solar  cell  bonding  will  begin  the 
second  week  in  July.  Assembly  of  some  of  the  orientation  mechanism  subassemblies  has  been  com¬ 
pleted,  and  the  assembly  should  be  complete  by  1  August.  Fabrication  of  the  control  electronics  unit, 
solar  cell  electronics  unit,  and  instrumentation  conditioning  unit  has  been  completed.  However,  the 
late  delivery  of  some  high  reliability  components  has  necessitated  the  utilization  of  a  few  functionally 
equivalent  commercial  components  bo  that  acceptance  testing  of  the  units  could  be  started.  The  com¬ 
mercial  components  will  be  replaced  with  the  high  reliability  parts  when  they  become  available  and,  in 
any  event,  prior  to  environmental  testing.  Schematics  and  detail  and  assembly  drawings  of  the  battery/ 
charge  controller  and  power  conditioning  units  have  been  completed.  Schematics  of  the  load  bank  have 
been  completed.  Detail  design  is  nearing  completion.  Release  of  drawings  of  all  three  units  is  scheduled 
for  mid-July.  Procurement  of  high  reliability  parte  for  the  units  has  been  initiated. 

Several  working  group  meetings  were  held  between  SAMSO/Aerospace/LMSC  and  Hughes  to 
resolve  interface  problems,  the  most  serious  of  which  seems  to  be  the  shading  of  the  FRUSA  panels  by 
the  LMSC  rigid  array.  The  change  directed  by  the  customer  to  provide  full  live-cell  panel  coverage 
and  to  incorporate  a  position  encoder,  furnished  by  LMSC,  on  the  orientation  mechanism  support  axis 
has  been  implemented  in  the  design. 


The  FRUSA/Agena  wiring  diagram  was  completed  and  released, 
and  submitted  to  WPAFB. 


The  Technical  Plan  was  updated 


